Background: A series of benzimidazole derivatives was developed and its chemical scaffolds were authenticated by NMR, IR, elemental analyses and physicochemical properties. The synthesized compounds were screened for their antimicrobial and antiproliferative activities.
Background
The emergence of antibiotic-resistant microorganisms such as fluoroquinolone-resistant Escherichia coli, Streptococcus pneumonia, carbapenem-resistant Klebsiella pneumonia, vancomycin-resistant enterococci and methicillin-resistant Staphylococcus aureus is becoming a serious health issue worldwide. There is a critical need to develop new chemotherapeutic agents with different mechanism of action [1] .
Cancer is a deadly disease prevalent in both the developing as well as the developed countries. In spite of significant improvements in recognition and treatment of cancer, the incidence of certain types of malignancy is still on the rise. Current treatments such as cytotoxic chemotherapy and radiotherapy yielded only transient therapeutic aids that are accompanied by severe adverse effects. This is due to their toxic effects against normal growing cells. Concerted effort is, therefore, required to eliminate or at least reduce these incidences significantly [2] .
Recent findings suggest that substituted benzimidazole derivatives possess potential chemotherapeutic activity with reduced toxic effects. Antibacterial activity of substituted benzimidazole derivatives can be explained by their competition with purines, an integral part of bacterial strain, resulting in inhibition of bacterial nucleic acids and proteins synthesis [3] . Compounds containing benzimidazole moiety such as thiabendazole, parbendazole, mebendazole, albendazole, cambendazole and flubendazole had also been reported for their antihelminthic activity. Similarly, the proton pump inhibitors, omeprazole, lansoprazole, rabeprazole, pantoprazole, had been reported for their use in the management of acid related disorders. In fact, benzimidazole derivatives had found their applications as antioxidant [4] , antimicrobial [5] , antihelmintic
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In light of above, the present study was undertaken to synthesise and evaluate the antimicrobial and anticancer potentials of substituted benzimidazole derivatives.
Results and discussion

Chemistry
Target compounds were synthesized by following procedure outlined in Scheme 1. The physicochemical data of the target compounds are presented in Table 1 . The synthesized compounds were evaluated on the basis of spectral analysis: IR, NMR and Mass and elemental analyses which were in full agreement with their proposed molecular structures. The formation of Schiff bases is confirmed by the presence of N=CH str., at around 1560 cm −1 in the IR spectra of synthesized compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Asym str., at around 1550 cm −1 indicated the presence of aromatic nitro group in 5, 7, 13, 14, 16, 21-28 compounds. The presence of C-O-C str., of aralkyl showed methoxy group in 3, 9, 11, 13, 17-20, 27 compounds. The C-H str., at 1727 cm −1 confirmed the aliphatic aldehyde group in 10, 14 and 15 compounds. Furthermore, the appearance of C=O str., at 1660 cm −1 and the absence of NH str., of imidazole at 3400 cm −1 confirmed the synthesis of methanone derivatives (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . The multiplet corresponds to 6.697-7.823 δ ppm confirmed the presence of aromatic protons of aryl nucleus and benzimidazole. The appearance of singlet at around 9.580 δ ppm confirmed the Schiff bases (N=CH-). The singlet peak at 3.426 δ ppm indicated the presence of dimethyl group in compounds, 1, 6, 22, 29 and 30. The doublet peak observed at 1.273-1.276 δ ppm which confirmed the presence of aliphatic methyl group in the synthesized compounds, 8, 12 and 15. The multiplet showed at 1.243-2.496 δ ppm confirmed the presence of CH 2 chain of palmitoyl group in the structure of compounds (20, 28 and 29). Further confirmation was made on the basis of 13 C-NMR and MS spectral analyses. The results of C, H, N analysis are within limits of ± 0.3%.
Anticancer activity
The synthesized benzimidazole derivatives were screened for their anticancer activity against MCF7 (ATCC HTB-22), an oestrogen receptor positive human breast adeno-carcinoma cell line. Anticancer screening results (Table 2) indicated that compound 22 (IC 50 = 0.9 µM) was found to be the most potent when compared to the standard drug, 5-fluorouracil (IC 50 = 35.4 µM). Other compounds which included 12, 21 and 29 also exhibited more potent antiproliferative results (IC 50 = 7.0, 5.4 and 5.5 µM, respectively) when compared to the standard drug. These compounds may be used as drug leads for discovery of new anticancer agents.
Antimicrobial activity
Antimicrobial activity results (Table 3) indicated that the compounds possessed good antimicrobial activity against the tested bacterial and fungal strains. Compound 1 showed good antibacterial activity against E. coli (MIC ec = 5.4 µM) and B. subtilis (MIC bs = 10.7 µM), whereas compound 19 was found to be more potent against S. aureus (MIC sa = 12.4 µM). The reference drug, norfloxacin, yielded MIC of 4.7 µM against the tested microorganisms. The antifungal activity results indicated that compound 2 showed good activity against C. albicans (MIC ca = 5.4 µM. Compound 19, on the other hand, was the most potent antifungal agent against A. niger (MIC an = 3.1 µM) in comparison to fluconazole (MIC = 5.0 µM), the reference drug. Thus, compound 19 may serve as a potential lead compound for the design of novel antifungal agents.
Structure activity relationship
The following structure activity relationship may be drawn from the antimicrobial and anticancer activities of the benzimidazole derivatives ( Fig. 1 ):
• It has been noticed that the antibacterial activity of Schiff bases against E. coli enhanced due to the presence of vinyl group between benzimidazole amine and N-benzylidene moiety and the substitution of electron releasing group at phenyl nucleus as in the compound 1 and the same moiety improved anticancer activity of methanone derivatives as in compound 22.
• The electron donating group placed at phenyl ring attached to N-alylidene/arylidene moiety along with presence of electron withdrawing group on phenyl ring attached to methanone moiety improved antibacterial and antifungal activity of synthesized benzimidazole derivatives against bacterial and fungal strains as in compound 19.
Experimental
Materials and methods
All the laboratory reagents were procured from Sigma Aldrich and were used without any purification. Scheme 1 Synthesis of benzimidazole derivatives (1-30). Reaction condition:
Step i: 2-Aminobenzimidazole, substituted aldehyde, ethanol, glacial acetic acid, reflux for 4-5 h (RT),
Step ii: Schiff's base, different acylchlorides, dimethylformamide, triethylamine, stir for 24 h (RT) 13 C NMR spectra of the synthesized compounds were recorded on Bruker Advance-II 400 NMR spectrometer with DMSO as a solvent and the chemical shift data were expressed as delta values related to tetramethylsilane. Mass spectra were recorded using Waters, Q-TOF micromass spectrometer.
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Procedure for the title compounds (1-11)
2-Aminobenzimidazole (0.01 mol) was refluxed with different substituted aromatic aldehyde (0.01 mol) in ethanol (20 ml) for 4-5 h (RT) in presence of glacial acetic acid (few drops). Then the reaction mixture was allowed to cool at RT and the precipitated compound was filtered and dried [12] .
Synthesis of 2-(alkyl/arylideneamino)-1H-benzo[d] imidazol-1-yl-alkyl/aryl-methanones (12-30)
Compound of Schiff 's bases (1-11) (0.005 mol) were stirred at RT with different acylchlorides (0.005 mol) in dimethylformamide for 24 h with the addition of small amount of triethylamine. The resulting reaction mixture was precipitated using ice cold water and the crude product was filtered through a vacuum pump, washed with cold water, dried and recrystallized using rectified spirit [13] . 
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Biological evaluation
In vitro antimicrobial assay
Tube dilution method [15] was used to determine the antimicrobial activity of synthesized compounds against Gram-positive bacteria: Staphylococcus aureus (MTCC-3160); Bacillus subtilis (MTCC-441), the Gram-negative bacterium Escherichia coli (MTCC-443) and fungal species: Candida albicans (MTCC-227) and Aspergillus niger (MTCC-281). Dilutions were made for test and standard compounds in appropriate double strength nutrient broth-I.P. (bacteria) or Sabouraud dextrose broth-I.P. (fungi) [16] . The test and standard compounds were incubated at 37 °C for 24 h (bacteria), at 25 °C for 7 days (A. niger) and at 37 °C for 48 h (C. albicans) and the minimum inhibitory concentration (MIC) was recorded in µg/mL.
In vitro anticancer assay
The in vitro anticancer activity of the developed compounds was performed by the Sulforhodamine B (SRB) assay as described by Skehan et al. [14] . The optimal MCF-7 cell count was seeded on flat-bottom well plates and allowed to attach overnight. The compounds (20 μL) were added in quadruplicates and incubated for 72 h (both drug-free control and treated cells). Cells in each well were fixed with 200 μL of 10% cold trichloroacetic acid. After incubation for 30 min, the individual wells were rinsed with water, allowed to stain in 100 µL 0.4% SRB [Sigma-Aldrich, St Louis, Missouri, USA] (w/v; in 1% acetic acid) for 15 min. The air-dried plates were placed on a plate shaker and bound SRB was solubilised in 100 µL 10 mM Tris base solution. Absorbance was measured using a spectrophotometer at 570 nm and a doseresponse curve was plotted from which the IC 50 value of each compound against each cell type was determined.
Conclusion
In conclusion, a series of 1,2-disubstituted benzimidazole derivatives were synthesized and assessed for in vitro antimicrobial and anticancer activities against five representative microbial species and cancer cell line. Antimicrobial activity results indicated that the synthesized compound 1 has promising activity towards Gram negative bacteria E. coli. None of the compound showed more potent activity against Gram positive bacteria B. subtilis and S. aureus when compared to reference drug norfloxacin. Moreover, compounds 2 and 19 showed interesting results against fungal strains C. albicans and A. niger and comparable to fluconazole. The results from anticancer activity indicated that compounds 12, 21, 22 and 29 showed promising activity against MCF7. These active compounds may be taken as lead compounds for discovery of novel antimicrobial and anticancer agents in future.
